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To make flie DVR system conq>atible with DVD and CD leadout. in general three 
'laser diode are needed, one emitting 405 nm» the second one 650 nm, and the third 
one 785 nm, in Older to be able to read aU the easting didcs. Due to 
wavelengths, designing a binary grating sdecting a set of predefined diffiacdon 
oiders is difficult. The reason for fliis is that in designing a binary gratmg one makes 
use of the feet that the phase introduced by a stsp height h is different when the 
wavelength is difieieat An example of this is fer instance explained in 
PHNL000478EP J> ("Stepped-profile grating for CD/DVD objective lens"). An 
siottlar approadx could of course also be used wbesn. deagning a tbree-wavelenglh 
gratmg. However the fixed values of the wavelength put a severe constramt on fliis 
designhig method explaiied in PHNL00Q47SEP JP. As a result in general the binary 
stepped structure becomes complejc, requiring relatively hi^ steps and high 
efficiency in allthe three configurations are hard to obtain. 

At the ISOM2001 conference LG Electronics showed iii a paper (Bd-<19 page 
304-305 proceedings) that by employing a birefiingent grating that high efficiency for 
atwo-vravelength case have orthogonal polarisation is possible. The Ihree-wavelengfh 
case was not addre^ed here. 
Problem 

The problem is tJsushowto des^ a grating vAich can be used for at least three 
dififercntvwnrdeng&s having a simple stiticttite and high efSd^ . 
waveliBi^th at predetermined oidets. 

Solution 

To stdvethfe problem we propose to make the stepped structure of birefiingpiit 
material. As a result we can now also make use of polarisation, hence we let the 
orientatian of the polarisation of the three beams do not all have the same ot?ieintalion. 
Consequently, for binary gratings there is now an additional parameter which can be 
used in defirring the structure givmg rise to more design fteedoni. ^ 
introduced by a step height h inade of a mataial having refiactive indeec n at 

wavelength X is given by 
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Consequmtlj^fcen the wavelengfli changes the phase iatroBed by a step 
dianges. Furaemoie, when dbancing the polarisation and fhiis changing the 
refractive index also a diange in phase introduced by the step is gaierated. 
Combining both effects for the three wavelftagflis system, designing binaiy gratings 
having hig^ii efficiency at the desired dif&action order for each mvelengfh Is possible 
"with i<^ti\^y sinqde grating stiuotoies. 

First embodim^t (or ^embodimeaftt 1"^ 

Consider abitefiingentnJiatedal having an ejrtraordinary resfractive index of ne=1.5 
and an otdlnary lefiactive hidex nff=l .6 These vahies are typical for UV cwable 
larefiingeat polymw material. For the moment we neglect the change in refractive 

..i5!^^ *9J^^®f"^J^^Y4«?^ The birefrmgent grating is aligned in snch a 

"w^ that when the polarisation is the Ught is in the x-direction (p^) then n* is selected 
and when polarised in the oxfiiogonal y-direction (po) tfaenii«, is selected. Consider the 
case whae the three wavelengths are given by ^i*405nni, ^=650nm and X3=785nm. 
We want to design a binary grating selecting zero order dif&action for and first 
order dif&action for and Conseqoentty, the binary steps in eacJi zone (see also 
PHNL000478EP J) mttst be chosen such that they introduce an integer multiple of 2w 
in the configuration. Depending on the polaiisation chosen for the configuration 
we find &at this height must be &r Po 



Ka=-^ = 0.615 ixai (2) 
—1 



andfi>rpe 



A5b=-^ = 0.810 jam (3) 

We -I 

In Table I ^ step height giving rise to a phase step of 2% in each 
configuration is tabulated. In Table H the phase introduced by a step of hV or h*. 
in fbe ^2 and Xs configuration is i^ven. 
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Waveleagth (nm)^^ 






405 


0.675 


o.sio 


650 


1.0S3 


1.300 


785 


1.308 


1.570 



Table I 















0.623 


0,519 


0.516 


0.430 


a40S 


0.748 


0.623 


0.619 


0.516 



Table H 



From these tables it folloivs ibst when employing the same polarisation in all 
these oonfi^iralions we observe that pha^jun:^)s in the configuration is 
approximately Consequently^ only two substandaUy different phase steps in this 
configuration ate possible, making the design of a sinqda bktaiy grating, gpiving rise to 
high efficieny in the first order dif&action, not possible. When we ^nploy different 
polarisations in the three configarations such a simple design is possible. Consider the 
following case -viiiere for Xi we use p^, &r X2 xve use pt, &r we use po- 

In Table m the phase introduced by a step hei^its m h 40$ Integer) in the Kx 
and X3 oonSguratLon. 



m 


^ ^ZsPeVSTt mod 1 


^( ^JjpoJ^fl: «wd 1 


1 


0.623 


0.619 


2 


0.246 


0.238 


3 


0.869 


0.857 


4 


0.492 


0.476 


5 


0.115 


0.095 


6 


0.738 


0.714 


7 


0361 


0.333 


8 


0.984 


0.952 



PHNL020077 



1 / .ux^uv^ 



^ Table m ^ 

Table in shows that the phase introduced in the and configuration are 
^pioxiujately the same. Here axe 8 substantially different phase possible. 

We follow now the same approaoh as in PHNL000478EP.P to design the 
binary grating sttucture selecting zeroflx order dif&acrtion for Xi and approximating a 
sawtoofli-like blazed grating for the and Xs configoration. Since with the above 
constroction the phase steps introdoced in the and X^ configuration are almost the 
same it is now straightforward, employing the same method as described in 
PHNIX)00478EPJPp to design Damman like binary grating structure selection first 
order dif&action for both X2 and ^3, 

^ Jirst example of jtbe^Ersstcaffi^^ 

In Table IV a grating having 4 siibzones (similar as the example tabulated in table 4 of 
PHNL00047SEP.P) is given showing high efficiency for bodi I2 and X3. The values 
"«>/23c ideal" are determined ftom Equation (1) of PHNL000478EP, this equation 
being incorporated herein by reference. The values of efScicncy are determined &om 
Equation (2) of PHNL000478EP* this equation behig incorporated herein by reference 



Subzone 


<Ei/2n ideal 


m 


<£>(X2j>b)^Kmodl 


0( %.2,pc)/2n mod 1 


0.00-0.25 


0.125 


5 


0.115 


0.095 


0.25-0.50 


0.375 


7 


0.361 


0.333 


0.50-0.75 


0.625 


1 


0.623 


0.619 


0,75-1.00 


0.875 


3 


0.869 


0.857 


Efficiency 


81.1% 




81.0% 


80.5% 



Table rV 



Note that due to the extra freedom introduced due to the polarisation in 
combination with The freedom in choosing Uc and high efficiencies in all the cases 
can be obtained. 

iSecokid es:ample of the £rst embodiment 

In Table V an example employing 6 subzones is shown in which the efficiencies are 
crvm higher. 
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jSubzace 


®/2tc ideal 


M 




*(^3jPo)/27rmodl 


0.0000-0-1667 


0.0833 


5 


O.llS 


0.095 


0 1667-0.3333 


0.2500 


2 




0.238 


0 3333-0 5000 


0.4167 


4 


0.492 


0.476 


0^000-0.6667 


0.5833 


I 


0.623 


0.619 


0.6667-0.8333 


0.7500 


6 


0.738 


0.714 


0.8333-1.0000 


0.9166 


S 


0.984 


0.952 


HfBcsiency 


91.2% 




87.4% 


87.6% 



Table V 

Second embodim^t (or ""embodimeiLt 2^0 embodiment (or 

^^embodsmfintS'O 

The second and third embodiments relate to die cases where a step height h gives rise 
to dxe same phase in two of the tl»Dee configoxadons. 

The first embodiment relates to the case where the st^ height h is chosen such 
that the phase infitodncedintbe two configurations it equal to The stepped 
sobzone distdbiidon of the grating made of integer mul^les of this hdght h will then 
select zeiodi ozder diffiacdon for these two configuzadons. By proper d^gn this 
stractQie can than select a predefined difSaction oidsr (or Oid^) at the r emaining 
third configoration. Exancple die grating can be designed to generate three spots at 
one configuzadon arid having no eCfect at the odier two configorations. 

The second embodiment relates to the case where die step height is chosen 
svudxlhat at the remaining third configuration a phase of 27c is gmerated. Li dds way 
we select zeroth order di£&aclion at this confignration. At the other two 
configurations we now select by proper design the same diffraction order (or 
orders)* The described explicit embodiment on the previous page is an example. 
The above is possible when the following constraint is met Choose as reference 
wavelength. We want to have that a height h introduces the same phase for the other 
two configurations Xb and Let na be the rej&active index of the birefiingent material 
for one polarisation and nb be the re&active index of the birefiingent mateml for the 
orthogonal poladsation. In order that a step height h introduces the sam^ phase for the 
two configurations and we most have 
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From this it follows that Sb must be sabstantLally be equal to 



«*=1+T"(«.-1) (5) 



With subistaiatially equal we meaa tbai fhe refiactive index n in tbis 
polatisadon nxvst comply 



Ib^sO van^dTf^^Strnt ^SCn^^S^^yf^S^^ that in>=i ,604. 
Applicalion area 

In optical recording OFU employing gtalin^ and three dififecent wavelengths. M 
particolarly fhjs is of importance tvhen considering DVR/DVD/CD con^patibilitsr 
employing a single objective. 



|«-.»,|£0-05 (6) 



In order to have an even better ejBficiencies it must comply with 



|«--«^| £0.025 (7) 
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CLAIMS 



L An optical scaaming device a first iiiformation layer, a second tnfoimatioa 
layer and a fliird informatioii layer by means of a first radiation bram having a fast 
^velengfii 0^0» ^ second radiation beam having a second travelengfli and a 
tbird radiation beam having a third irovelcngtti (^3% respectively, said first seoopd 
and third waveleogths being substantially mutaally difBarent* the device compiisingi 
a xadiation source for emitdDg said first, second and third radiation 

beams, 

an objective system for conveying said first second and third radiation 
beams on the positions of said first second and third information layers, respectively, 
and 

a difiSactive part arrautged in the optical path of said first second and 
third radiation beams, the diffiractive part including a pattern of pattern el ements 
having a stepped profile designed such thai the optical paths pertaining to steps of said 
pattern element are substantially equal to multiples of said first wavelength, and sudti 
ftat said objective system has: 

a first focusing characteristic for said first waveleogtii wharein said 
first radiation beam is substantially of the zero order of difBaclion, and 

a second focusing charactedstic for said second wavelength wherein a 
part of said second radiation beam is of a non-zero ord^ of difi&action, 
charactensed in fhatt 

said diffiacdve part is made of a birefiingent mat^al, and in that 

said stepped profile is fbrther designed such that said objective syst^ 
has a third focusmg characteristic wherein said third radiation beam is of a z^o order 
of difGcaction or a part of said third radiation beam is of a non-zexo order of 
diffiacdoiLi 

atl^st one of said second and third focuang characteiistics di£^ 
fiom said first focusing dharactedstic, and 

at least two of said first second and third radiation beams have 
mutually difiEerent polarizations. 
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2. The scanning device according to Claim 1, wherein stepped profile is 
further designed such that said second radiation heam has substantially its efiSciency 
of traxismission for said non-zero order of dijBQraction. 

3. The scanning device accoidmg to Claim 1, wbereih said pattern 
el^ent is dedgaed such that liie relative step h^ghts between adjacent steps of said 
pattern element include a relative step height having an opdoal path substantially 
equal to a:l7,'(vhereinAisaninteg»anda>l and^y is said first wavelength, 

4« The scanning device according to Claim 1, viiierein said pattern 

element is designed such that said first ladialionbeam is of the zero-ord^ of 
diffi^actionand that said second and third radiation beams ate of ^ first-order of 

5- The scanning device according to Claim 1, wher^ said difi&active part is 
generally circular and lixe steps of said pattern element are generally annular. 

6. The scanning device according to Claim I, wherein said dif&active part 
is formed on a face of a lens of the objecdve systeoL 

7. The scanning device according to Clahn 1, wherein said difflractive part is 
fomied on an optical plate provided between said raxliation source and said objective 
system. 

8. The scanning device according to Claim 7, wherein said optical plate 
comprises a quarter wavedength plate or a beam splitter* 

9. A lezis for use in an optical device fo^ scanning a first, second and thicd 
type of optical record carrier with a beam of radiatian of afirst wavelengfli (Xi), a 
second wavelength (X^) and a thhrd wavelength (XjX respectively, the three 
wavelengths being siibstantially different;, Hie 1^ being provided wi& a difEcacfcive 
part airanged in the optical patii of said fiist, second and third radiation beams^ the 
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^llattaa of pattern elOTaaite having a stepp^^i 



dif&active part includingfpattem of pattern QlemetOs. having a steppeffPofile 
desig»ed such tfaatfte opdcd paths pertaining to steps of said pattern element are 
SttbstanliaUy equal to multiples of said first wavelength, and such that said objective 
systeosahas: 

a first focusing chaiacteiistic for said first -wavel^gth -wherein said 
fcst radiation "team is substantially of the zero order of dif&action, and 

a second focusing characteristic for said second waveleoglh whaein a 
part of said second ladiadon beam of anon-zieK) order of difi&action, 

chazacterised in that 

said dif&active part is made of a biiefeingent material, and in that 
said stepped profile is farther designed such that aid objectivB system 

has alhird focusing diaracteristic wherein said ^d radiation beam is of a zero order 

of dif&actiou or a part of said third radiation beam is of a non^zero order of 

diffiaction, 

at least one of said second and third focusing chasacteristics di£fei$ 

from said first focusmg chaiactetistic, and 

at least two of said first, second and third ladiatLcm beams have 

mutually dififerent polarizations 
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